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1. Introduction
Graphene is a class of two-dimensional materials
that consists of sp2-bonded carbon atoms densely
packed in a honeycomb crystal lattice. Recently,
graphene nanosheets (GNSs) have emerged as
another promising conductive carbon filler for use
in polymer matrices because of their high aspect
ratio, low cost, ease of production, and low resist-
ance [1–4], along with their excellent mechanical,
thermal, electrical, gas barrier, and anticorrosion
properties [5–12].
To achieve high-performing graphene-polymer
nancomposites, the GNSs must be homogeneously
dispersed in the polymer hosts and have suitable
interfacial interactions with the surrounding matrix.
Graphene is not compatible with organic polymer
matrices because the individual sheets of graphene
tend to restack owing to their large specific surface
areas; the van der Waals interactions between the
interlayers of GNSs lower their effectiveness as a
nanofiller for improved physical properties [2, 4]. An
effective means to overcome the agglomeration and
enhance the compatibility between GNSs and a
polymer matrix is surface modification (i.e., func-
tionalization) of graphene.
Poly(methyl methacrylate) (PMMA) is a nonconduc-
tive polymer that is inexpensive and available in large
quantities. However, to broaden the application
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Abstract. We present comparative studies on the effect of varying the carboxylic-group content of thermally reduced
graphene oxides (TRGs) on the anticorrosive properties of as-prepared poly(methyl methacrylate) (PMMA)/TRG compos-
ite (PTC) coatings. TRGs were formed from graphene oxide (GO) by thermal exfoliation. The as-prepared TRGs were then
characterized using Fourier transform infrared (FTIR) spectroscopy and X-ray photoelectron spectroscopy (XPS). Subse-
quently, the PTC materials were prepared via a UV-curing process and then characterized using FTIR spectroscopy and
transmission electron microscopy (TEM). PTC coatings containing TRGs with a higher carboxylic-group content exhibited
better corrosion protection of a cold-rolled steel electrode that those with a lower carboxylic-group content. This is because
the well-dispersed TRG with a higher carboxylic-group content embedded in the PMMA matrix effectively enhances the
oxygen barrier properties of the PTC. This conclusion was supported by gas permeability analysis.
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© BME-PTrange of PMMA, its thermal stability and mechani-
cal and electrical properties must be enhanced. One
active field for PMMA application is the incorpora-
tion of nanomaterials.
Over the past decade, many reports have been pub-
lished on the addition of functionalized graphene
sheets (FGSs) to PMMA to impart a variety of
improved physical properties [13–21]. Villar-Rodil
et al. [16] prepared chemically reduced graphene/
PMMA by free radical solution–polymerization of
methyl methacrylate (MMA) in the presence of
exfoliated graphene oxide (GO). As a result, the
glass transition temperature shifted by over 15°C
with graphene loadings as low as 0.05 wt%, and the
elastic modulus increased by 28% at just 1 wt%
loading. Jang et al. [18] prepared conductive com-
posites of PS/PMMA blends filled with octadecy-
lamine-functionalized graphene (GE-ODA) and
studied the electrical properties. Their results imply
that the incorporation of GE-ODA into immiscible
polymer blends is an efficient means of improving
the electrical properties. In addition, there have been
studies into using thermal reduction at different
temperatures to obtain FGSs of varying degrees of
functionalization [22]; these FGSs were subse-
quently added into polymer matrices of composites
and the resultant electrochemical properties were
investigated [23].
Recently, some studies reported the anticorrosive
capabilities of composites containing graphene-
based materials such as GNSs and GO [24–27];
however, there have been no reports on the addition
of FGSs with different degrees of functionalization
to PMMA matrices of composites and the resultant
impact on the anticorrosive properties. Therefore,
in this study, we present the first comparison of the
anticorrosive properties of PMMA/thermally reduced
graphene oxide (TRG) composite (PTC) coatings
featuring TRGs with varying carboxylic-group con-
tents. The detailed anticorrosion performance of the
developed PTC coatings was evaluated using a series
of electrochemical corrosion measurements. Corro-
sion protection studies were performed on sample-
coated cold-rolled steel (CRS) immersed in a corro-
sive medium (3.5 wt% of aqueous sodium chloride
solution).
2. Experimental section
2.1. Chemicals and instruments
Methyl methacrylate (MMA; Aldrich, 99.0%, Ger-
many) was double-distilled prior to use. The photo-
initiator, alpha-Benzyl-alpha-(dimethylamino)-4-
morpholinobutyro-phenon (BDMP; Aldrich, 97.0%,
Germany), was used as received. The graphene nano  -
sheets used (SFG44-GNS) were prepared from
SFG44 synthetic graphite powders (TIMCAL®,
IMERYS Graphite & Carbon, USA). All reagents
were of reagent grade unless otherwise stated.
Fourier transform infrared (FTIR) spectra were
recorded using an FTIR spectrometer (JASCO FT/
IR-4100, Japan) at room temperature. The nanostruc-
ture of the composite materials was imaged with a
JEOL-200FX transmission electron microscope
(TEM, Japan). Prior to TEM analysis, the samples
were prepared by microtoming injection-molded
composites to 60–90 nm-thick slices using an Ultra
35° diamond knife (knife No. MC11091, DiSTOME
Ltd, Switzerland) and dropping them onto 300 mesh
copper TEM grids. The corrosion potential and cor-
rosion current of sample-coated CRS electrodes
were electrochemically measured using a VoltaLab
50 potentiostat/galvanostat. Electrochemical imped-
ance spectroscopy (EIS) measurements were recorded
on an AutoLab potentiostat/galvanostat electro-
chemical analyzer (PGSTAT302N, Netherlands).
Gas permeability (O2 permeation) experiments
were performed using a GTR-31 analyzer (Yangi-
moto Co., Kyoto, Japan).
2.2. Synthesis of TRGs with different
carboxylic-group contents
Graphene oxide (GO) derived from SFG44 syn-
thetic graphite powders (TIMCAL®) was synthe-
sized using a modified Hummers’ method [28]: 4.0 g
of synthetic graphite powder and 2.0 g of NaNO3
were added to 280 mL of concentrated H2SO4 solu-
tion and the solution was stirred for 2 h. Then, 16 g
of KMnO4 was slowly added into the flask in an ice
bath over 2 h. The mixture was then diluted with
400 mL of deionized water, and 5% H2O2 was added
to the solution until the mixture became brown to
ensure that KMnO4 was fully reduced. The as-pre-
pared GO slurry was re-dispersed in deionized water.
Then, the mixture was washed with 0.1 M HCl
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2– ions. The GO solution
was washed with distilled water to remove the resid-
ual acid until the solution pH was ~5 and then vac-
uum dried at 50°C. The GO powder was put into a
furnace and heated at a rate of 0.5°C/min to temper-
atures of 300, 1000, and 1400°C under a 15% H2/N2
atmosphere for 2 h for thermal exfoliation. Finally,
a few layers of TRGs with different carboxylic-
group contents were obtained via the thermal exfo-
liation process at the three different temperatures
(denoted TRG-300, TRG-1000, and TRG-1400,
respectively).
2.3. UV-curable PTC coatings
A typical procedure for the preparation of PTC
coatings with 0.5 wt% TRG containing 33, 11, and
1% carboxylic groups (denoted PTC-33, PTC-11,
and PTC-1, respectively) is given as follows: First,
10 g of MMA, 0.01 g of photo-initiator, and 0.05 g
of graphene were mixed via sonication and magnet-
ically stirred for 1 and 12 h, respectively, at room
temperature. After mixing, two drops of the mixture
solution were spin-coated onto CRS at a speed of
1500 rpm and then irradiated with UV light (Fusion
UV-curing, light intensity = 2000 mJ/cm2) for 300 s
to obtain the desired PTC coatings.
2.4. Electrochemical corrosion studies
All electrochemical corrosion measurements were
performed in a double-wall jacketed cell covered
with a glass plate using water that was maintained
at 25±0.5°C. The open-circuit potential at the equi-
librium state of the system was recorded as the cor-
rosion potential (Ecorr in mV versus a saturated
calomel electrode (SCE)). Tafel plots were obtained
by scanning the potential from –500 to 500 mV
above Ecorr at a scan rate of 10 mV/min. The corro-
sion current (Icorr) was determined by superimpos-
ing a straight line along the linear portion of the
cathodic or anodic curve and extrapolating it through
Ecorr. The corrosion rate (Rcorr, in milli-inches per
year [MPY]) was calculated using Equation (1) [29]:
                          (1)
where E.W. is the equivalent weight [g/eq.], A is the
area [cm2], and d is the density [g/cm3].
An AutoLab potentiostat/galvanostat was used to
perform the alternating current (AC) impedance
spectroscopy measurements. Impedance was meas-
ured in the range of 100 kHz–100 MHz using a
1 cm!1 cm square of pure iron (area: 1 cm2) embed-
ded in epoxy as the working electrode, Pt as the
counter electrode, and an SCE as the reference elec-
trode. The working electrode was left in the test
environment for 30 min prior to the impedance run.
All experiments were conducted at room tempera-
ture and repeated at least three times to ensure the
reproducibility and statistical significance of the
raw data.
Rcorr3MPY4 5
0.13Icorr1E.W.2
A~d
Rcorr3MPY4 5
0.13Icorr1E.W.2
A~d
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Figure 1. Preparation of PTC membranes2.5. Preparation of membranes and molecular
barrier property measurements
Membranes of the as-prepared PMMA and PTC
materials were prepared to determine the oxygen
barrier properties, which have been reported in lit-
erature [30, 31]. The membranes were ~90 µm
thick. The typical procedure for the preparation of
PTC membranes with 0.5 wt% TRG is shown in
Figure 1.
3. Results and discussion
3.1. Characterization of TRGs
FTIR spectra of TRG-1400, TRG-1000, TRG-300,
and GO are shown in Figure 2. GO exhibited several
characteristic absorption bands. The prominent broad
band at 2900–3500 cm–1 is assigned to hydroxyl
(C–OH) and includes all vibrations from H2O and
COOH. The absorption bands that peak at 1715 and
1583 cm–1 correspond to C=O stretching from car-
boxyl and lactone and in-plane vibration of sp2-
hybridized C=C, respectively. In addition, the over-
lapping band at 1100–1280 cm–1 is attributed to the
peroxide, ether, lactol, anhydride, and epoxide groups
[32]. The strong absorption peak at 1045 cm–1
could be related to C–OH stretching and possible
stretching of the C–O moiety in ether. Because GO
was reduced via thermal or chemical processes, the
intensities of the characteristic absorption peaks
were reduced. TRG-300 showed a dramatic reduc-
tion in the intensities of the absorption bands at
3000–3500, ~1715, and 1045 cm–1, indicating the
loss of H2O, COOH and C–OH. For both TRG-
1000 and TRG-1400, almost no characteristic peaks
were evident.
Figure 3 shows C 1s X-ray photoelectron spectra
(XPS) of TRG-300, TRG-1000, and TRG-1400. The
C 1s spectra were normalized to the characteristic
C=C peak at 284.5 eV. The C 1s spectrum of TRG-
300 shows three peaks assigned to oxygen func-
tional groups: C–O from phenol and ether groups at
286.1 eV, C=O from carbonyl and quinone groups at
287.5 eV, and –COO from carboxyl and ester groups
at 288.7 eV. The relative intensity of the C–O peak
is much larger than those of C=O and –COOH.
The contents of functionalized groups containing
carbon–oxygen bonds of the TRGs were also calcu-
lated from the XPS spectra using Equation (2) [22]:
Content of functionalized groups containing car-
bon-oxygen bonds =
            (2)
The calculated results are shown in Table1. With
increasing reducing temperature from 300 to 1000°C,
the contents of the oxygen functional groups
decreased; the O/C ratio decreased from 0.25 to
0.05, as analyzed using an elemental analyzer. The
analysed data are shown in Table 2. According to
Gaussian-fitting quantitative analysis of the three
peaks, the contents of C–O, C=O, and –COO in the
TRG were 33, 15, and 7%, respectively, at 300°C
and 11, 5, and 4%, respectively, at 1000°C. These
results indicate that the content of C–OH functional
groups is most significantly reduced at 1000°C; this
might affect the dispersion of the polymer and
TRG. The TRGs were also characterized using X-ray
diffraction (XRD), Raman spectroscopy, scanning
electron microscopy (SEM), and TEM micrographs
Area2C2OH 1 Area2C5O 1 Area2COO
Areatotal
Area2C2OH 1 Area2C5O 1 Area2COO
Areatotal
                                               Chang et al. – eXPRESS Polymer Letters Vol.8, No.12 (2014) 908–919
                                                                                                     911
Figure 2. FTIR spectra of TRG-1400, TRG-1000, TRG-
300 and GO
Figure 3. XPS C 1s spectra of TRG-1400, TRG-1000,
TRG-300 and GOusing under similar conditions as those previously
reported [23, 33].
3.2. Characterization of PMMA and PTC
materials
Representative FTIR absorption spectra of PMMA
and PTC materials (i.e., PTC-33, PTC-11, and
PTC-1) are shown in Figure 4. In the spectra of
PMMA and the PTC materials, the following char-
acteristic absorbance bands for PMMA occur: C–H
stretching at 2949 cm–1, C=O stretching at
1723 cm–1, and C–O stretching at 1447 cm–1. More-
over, comparison of the four curves reveals that
there is no absorption peak that is obviously differ-
ent; this is most likely because only a small amount
of TRG is used [34].
The dispersion capabilities of TRGs with different
carboxylic-group contents in a polymer matrix were
identified and compared via TEM observation. The
image at low magnification was used to determine
the dispersion of TRGs in the polymer, while the
high-magnification image reveals the degree of
exfoliation. Figure 5 shows the TEM micrographs
of the PMMA composites with 0.5 wt% TRG. Fig-
ures 5a, 5c, and 5e shows images of PTC 0.5 at low
magnification (!50k), while Figures 5b, 5d, and 5f
show images of the same sample at higher magnifi-
cation (!200k). The gray regions of the high-mag-
nification photograph represent the domain of the
PMMA matrix and the dark lines correspond to
cross sections of TRGs. As shown in Figure 5, the
TEM micrograph of PTC-33 (Figure 5b) at !50k
magnification exhibits well-dispersed TRGs. How-
ever, the TEM images of PTC-11 and PTC-1 (Fig-
ures 5d and 5f) clearly show partially and fully
aggregated dispersion, indicating the poor disper-
sion capabilities of TRGs embedded in the PMMA
matrix; these results suggest that the attachment of
carboxylic groups onto the TRG surface and higher
carboxylic-group contents enhance the compatibil-
ity of the TRGs and PMMA matrix, resulting in
improved dispersion. The greater dispersion evi-
dent in PTC-33 can also be attributed to hydrogen
bonding between the remaining hydroxyl groups of
TRG and the carbonyl groups of PMMA [35].
3.3. Potentiodynamic measurements
Polarization curves for PMMA and a series of PTC
coatings on CRS substrates, which were recorded
after 30 min immersion in 3.5 wt% of aqueous
NaCl electrolyte, are illustrated in Figure 6. Tafel
lines at 500 mV/min are evident in Figure 6 curves
(a)–(e), which show the polarization curves for
uncoated, PMMA-coated, PTC-1-coated, PTC-11-
coated, and PTC-33-coated CRS electrodes, respec-
tively. The corrosion parameters calculated from
the Tafel plots for the composite materials are sum-
marized in Table 3; generally, higher Ecorr and
polarization-resistance, Rp, values and lower Icorr
and Rcorr values indicate better corrosion protection.
The Rp values were evaluated from the Tafel plots
according to the Stearn–Geary Equation (3) [36]:
                                  (3)
where Icorr is determined by an intersection of the
linear portions of the anodic and cathodic curves
and ba and bc are the anodic and cathodic Tafel
slopes (i.e., "E/"logI), respectively.
The results shown in Figure 6 and Table 3 indicate
that the CRS substrate coated by PMMA exhibits a
higher Ecorr value than uncoated CRS, which is con-
sistent with the results of earlier studies [37–39].
Rp 5
babc
2.303
1ba 1 bc2Icorr Rp 5
babc
2.303
1ba 1 bc2Icorr
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Figure 4. FTIR spectra for (a) PMMA, (b) PTC-33, (c) PTC-
11 and (d) PTC-1
Table 1. The content of functionalized groups containing
carbon-oxygen bonds of TRG-1400, TRG-1000,
TRG-300 and GO by XPS spectrum
Sample
code
Content of
functionalized groups
containing
carbon-oxygen bonds
[%]
–C=O
[%]
–COO
[%]
–C–OH
[%]
TRG-1400 1 0 0 1
TRG-1000 20 5 4 11
TRG-300 55 15 7 33
GO 86 27 11 48Moreover, PTC materials demonstrate higher Ecorr,
Rp, and PEF values and lower Icorr and Rcorr values
than PMMA. For example, PTC-33-coated CRS
has an Ecorr of –437 mV, Icorr of 0.23 µA/cm2, Rp of
126.45 k#·cm2, and Rcorr of 0.21 MPY; these values
are more than twice those of the PMMA-coated
specimens. Furthermore, it should be noted that the
Rcorr and Icorr values of PTC-11 and PTC-1 are
larger than those of PTC-33, indicating that PTC
coatings with TRGs with lower carboxylic-group
contents may provide reduced corrosion protection
than PTC coatings with TRGs with higher car-
boxylic-group contents.
3.4. Electrochemical impedance
measurements
Dielectric spectroscopy, which is sometimes called
impedance spectroscopy or EIS, is used to measure
the dielectric properties of a medium and express
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Figure 5. TEM micrographs of PTC-33, PTC-11 and PTC-1 at (a, c, e) low magnification (!50 k) and (b, d, f) high magni-
fication (!200 k)
Table 2. The elemental analysis results of TRG-1400, TRG-
1000 and TRG-300
Sample code
C
[%]
O
[%]
C/O
TRG-1400 95 5 0.05
TRG-1000 85 15 0.17
TRG-300 80 20 0.25them as functions of frequency [40, 41]. EIS can
also be used to examine the difference in the activ-
ity of the surface of a bare CRS electrode and
PMMA- or PTC-coated ones. Impedance is the result
of complex resistance created when alternating cur-
rent flows through a circuit made of capacitors,
resistors, insulators, or any combination thereof [42].
EIS measurements give the currents produced over
a wide range of frequencies via a complex nonlinear
least-squares procedure that is available in numerous
EIS-data–fitting computer programs; the model is
ideally fitted to the experimental data in order to
obtain the Randles circuit parameters. For the simu-
lation studies, the metal corrosion is modeled with
an equivalent circuit (i.e., the Randles circuit), as
illustrated in Figure 7. This consists of a double-
layer capacitor connected in parallel with a charge-
transfer resistor and in series with an electrolyte
solution resistor. The impedance (Z) depends on the
charge-transfer resistance (Rct), solution resistance
(Rs), capacitance of the electrical double-layer, and
frequency of the AC signal (!), as shown by Equa-
tion (4):
    (4)
The fitted data agrees well with the experimental
electrochemical data. The high-frequency intercept
represents the solution resistance, and the low-fre-
quency intercept represents the sum of the solution
and charge-transfer resistances [43]. In general, a
higher semicircle diameter (i.e., charge transfer resist-
ance) represents a lower corrosion rate.
Figure 8 shows the Nyquist plots of the four meas-
ured samples with sample (a) being uncoated CRS.
The series of samples denoted as (b), (c), (d), and
(e) represent CRS coated with PMMA, PTC-1,
PTC-11, and PTC-33, respectively. The charge-
transfer resistances of all the samples, as deter-
mined by subtracting the intersection of the high-
frequency end from the low-frequency end of the
semicircle arc with the real axis, are 2.69, 70.11,
170, 109, 164, and 619 k#·cm2, respectively. EIS
Bode plots (impedance vs. frequency) of the sam-
ples are shown in Figure 9, where Zreal is a measure
of the corrosion resistance [44]. A low Zreal value is
generally due to very high capacitance and/or very
low resistance of the coating [45]. A large capaci-
tance has been related to a high extent of water pen-
etration into the coating [46]. In the Bode plots, the
value of Zreal at the lowest frequency also represents
the corrosion resistance. The Bode magnitude plots
RS 1
Rct
1 1 1RctCdlv22 1
j1Rct
2Cdlv2
1 1 1RctCdlv22
Z 5 Z91jZ05 Z 5 Z91jZ05
RS 1
Rct
1 1 1RctCdlv22 1
j1Rct
2Cdlv2
1 1 1RctCdlv22
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Figure 6. Tafel plots for (a) bare (b) PMMA-coated, (c) PTC-
1-coated, (d) PTC-11-coated and (e) PTC-33-
coated CRS electrodes measured at 25±0.5°C
Figure 7. Randles equivalent circuit used for modeling
impedance measurements (EIS)
Figure 8. Nyquist plot for (a) bare (b) PMMA-coated,
(c) PTC-1-coated, (d) PTC-11-coated and (e) PTC-
33-coated CRS electrodesfor uncoated CRS and CRS coated with PMMA,
PTC-1, PTC-11, and PTC-33 show Zreal values of 3.4,
4.7 4.8, 5.8, and 8.9 k#·cm2, respectively, at the
low-frequency end. These results clearly demon-
strate that the PTC-33 coating protected the CRS
electrode against corrosion better than the PMMA,
PTC-1, and PTC-11 coatings.
The electrochemical results show that the PTC-33
coating provided better protection against corrosion
of the CRS electrode than the other coatings did;
this is mainly attributed to good dispersion of TRG
in the PMMA matrix, leading to significant barrier
effects from the TRGs dispersed in the composites
of the coating. The significant barrier effect of PTC-
33, as compared to those of PTC-11 and PTC-1, may
result from the well-dispersed TRG in the PMMA
matrix more effectively increasing the tortuosity of
the diffusion pathways for O2 molecules [9, 47], as
shown in Figure 10. This is evidenced by the gas
permeability studies of the as-prepared membranes,
as discussed in Section 3.5. In addition to the bar-
rier effect, the higher carboxylic-group content of
TRG-300 leads to the formation of stronger hydro-
gen bonds between the hydroxyl groups of TRG
and the carbonyl groups of PMMA. Therefore, the
PTC-33 coating could act as a very strong passiva-
tion layer against corrosion [24].
3.5. Gas barrier and optical clarity of PMMA
and PTC membranes
The incorporation of graphene-based materials such
as graphene nanoplatelets (GNPs), GNSs, and GO
can significantly reduce gas permeation through a
polymer composite [9, 47–50]. A percolating net-
work of graphene nanoplatelets or nanosheets can
increase tortuosity, which inhibits molecular diffu-
sion through the matrix, thus resulting in signifi-
cantly reduced permeability [9]. Morimune et al.
[47] reported a 50% reduction of the gas permeabil-
ity after 1% w/w incorporation of GO into PMMA.
Furthermore, a nanocomposite with 10% w/w of GO
was found to be almost completely impermeable.
In this study, PTC membranes with 0.5 wt% of TRG
show at least a 27% reduction in O2 permeability,
compared to PMMA membranes (Figure 11 and
Table 3); this is attributed to the barrier properties
of the layers of TRGs dispersed in the composites.
In addition, the PTC-33 membrane reduced the O2
permeability by over 90%. As compared to the
PTC-11 and PTC-1 membranes, the more signifi-
cant reduction of the permeability of the PTC-33
membrane implies that better dispersion of TRGs
with higher carboxylic-group contents in the
PMMA matrix results in lower permeability than
that of PMMA matrices with TRGs with lower car-
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Figure 9. Bode plot for (a) bare (b) PMMA-coated, (c) PTC-
1-coated, (d) PTC-11-coated and (e) PTC-33-
coated CRS electrodes
Figure 10. Schematic representation of oxygen following a
tortuous path through PMMA and PTC materials
Figure 11. Gas permeability of oxygen for PMMA, PTC-1,
PTC-11 and PTC-33 membranesboxylic-group contents. This conclusion is consis-
tent with our TEM observations.
Figure 12 shows the UV/visible transmission spec-
tra of PMMA and PTC membranes. First, we found
that the optical clarity of PMMA membrane showed
high transparency. However, the spectra of PTC
membranes exhibiting low transparency. Among
the membrane of PTC-33 is the most transparent
one. The obvious difference in the optical clarity of
the PTC membranes could be associated with the
different dispersion degrees and abilities of TRGs
in the polymer matrix. Generally, the optical clarity
of PTC membranes with a better dispersion of
TRGs showed higher transparency than that of
membranes with a poor dispersion in the polymer
matrix. Therefore, we believe that PTC-33 had a
better dispersion of TRGs than PTC-11 and PTC-1.
This is consistent with the results of TEM observa-
tions.
4. Conclusions
PTC materials were successfully prepared by a UV-
curing process and subsequently characterized
using FTIR spectroscopy and TEM. The corrosion
protection effect of PTC coatings containing TRGs
was demonstrated by performing a series of poten-
tiodynamic and impedance electrochemical meas-
urements on CRS substrates in 3.5 wt% of aqueous
NaCl electrolyte. The PTC coatings with TRG con-
taining higher carboxylic-group content exhibited
better anticorrosion performance than PTC coatings
with TRG containing lower carboxylic-group con-
tent. The significantly enhanced corrosion protec-
tion of PTC-33 coatings on a metallic surface is
attributed to the TRG with a higher carboxylic-group
content being better dispersed in the PMMA matrix,
leading to a significant barrier effect from TRGs
dispersed in the coating composites.
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